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(57) ABSTRACT

A seal assembly includes a stator attached to a housing and a
rotor attached to a shaft. A static sealing member is attached
to the stator presenting a contact with the rotor at stand-still.
An electromagnetic is attached to the stator at a distance from
an end of the static sealing member. The static sealing mem-
ber is activated and moved away from the rotor by the mag-
netic force exerted by the electromagnet as the shaft rotates.
The electromagnet is controlled by a control system for con-
trolling the equipment in which the bearing isolator is used.
To deactivate the static sealing member during shaft rotation,
the bearing isolator may have its own control system with a
sensor to indicate if the shaft is rotating. As the shaft rotates,
contaminants are expelled through gaps between the stator
and the rotor.

24 Claims, 3 Drawing Sheets
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1
PRESSURE RESISTANT STATIC AND
DYNAMIC SEAL ASSEMBLY AND METHOD

FIELD OF THE INVENTION

The present invention relates to seal assemblies, and more
specifically to the seal assemblies with sealing members
movable between static and dynamic sealing positions.

BACKGROUND OF THE INVENTION

Bearings and mechanical seals have been used in various
industrial applications for years. A bearing isolator is one of
the components of these bearings and mechanical seals.
There is a close relationship between the life of these two
critical components. The failure of a mechanical seal may
cause the bearings to fail and poor bearing conditions can
reduce seal life. The failure of the mechanical seal results
typically because of rain, product leakage, debris, and wash-
down water entering the bearing housing thereby resulting in
contamination of bearing lubricant, which negatively impacts
lifespan of the bearings and mechanical seals.

Elastomeric lips and O-rings are used in the mechanical
seals to prevent rain, product leakage, debris, and wash-down
water from entering into the bearing housing of these
mechanical seals thereby avoiding quick wear and tear of
these elastomeric lips and the O-rings. In reality, it is very
hard and almost impossible to prevent dust and exterior con-
taminants from entering into the interior of the bearing hous-
ing. To prevent the ingress of corruption and the egress of
lubricating fluids, a number of auxiliary or improved primary
sealing arrangements and devices have been provided and
used in prior art sealing applications.

One such type of a seal assembly, commonly referred to as
an expeller seal assembly, includes two annular, elastomeric
sealing members disposed within separate annular cavities of
a rotor mounted on a shaft. A stator is partially disposed
between the two rotor cavities and has a central bore which
defines a clearance space about the shaft. At a static sealing
position, each sealing member is disposed generally against a
rotor outer circumferential surface and against an adjacent
radial surface on each axial end of the stator, such that the
clearance space is substantially sealed at each end. When the
shaft rotates, the two sealing members are pulled by frictional
engagement with the rotor surface to rotate with the shaft,
until centrifugal forces cause each sealing member to deflect
radially outwardly from the rotor outer surface and from the
stator surface. At this point, sealing in the clearance space is
accomplished by a pressure differential generated by the rota-
tion of the rotor, and the disengagement of the seal from the
stator both reduces wear on the sealing members and reduces
friction in the seal assembly.

However, until the rotor and sealing members reach a rota-
tional speed sufficient to deflect the sealing members into
contact with an inner circumferential surface of the rotor,
such that the sealing members are again rotationally coupled
with the rotor, the sealing members will lose angular momen-
tum and deflect inwardly due to the diminished centrifugal
force and return to the inner, static sealing position.

Thus, the sealing members will oscillate between the inner,
static sealing position and a non-contact position until reach-
ing a sufficient “hold-off” speed at which the sealing mem-
bers remain rotationally coupled with the rotor. Also, when-
ever the shaft speed decreases below the hold-off speed, the
sealing members will again begin to oscillate into and out of
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contact with the stator. As such, this oscillatory motion of the
sealing members tends to increase wear and increase friction
within the seal assembly.

Another type of seal is a labyrinth device which contains a
tortuous path that makes it difficult for contaminants to enter
the bearing housing to degrade lubricant effectiveness. The
advantages of labyrinths are their non-wearing and self-vent-
ing features. Some of these commercially successful seal
devices do not require any actual physical inter engagement
of the sealing member parts. The disadvantages of labyrinth
seal devices include higher initial costs than lip seals, and the
existence of an open path to the atmosphere that can allow the
contamination of the lubricant by atmospheric condensate as
the housing chamber breathes during temperature fluctua-
tions in humid environments when the equipment cycles on
and off.

Therefore, an opportunity exists for improved bearing iso-
lators having a seal member with improved life span and a
unique design that will allow smaller particles or contami-
nants and fluids to be expelled from gaps defined between the
rotor member and the stator member the same way as they
entered by the expelling function of the pumping action in
dynamic operations but are stopped by the sealing member
when the bearing isolator is in a static condition.

Still another opportunity exists for improved bearing iso-
lators having a seal member wherein the function and shape
of the seal member can be controlled whether the rotor mem-
ber and the stator member are rotatable relative one another or
not.

SUMMARY OF THE INVENTION

An apparatus of the present invention presents a shaft seal-
ing assembly (the assembly) for static and dynamic sealing in
various bearing and mechanical sealing applications. The
assembly includes a stator member that is attached to a hous-
ing and a rotor member that is attached to a shaft rotatable
about an axis. The rotor member includes a first expeller
member presenting a plurality of radial protrusions separated
by a plurality of recesses and a second expeller member
attached to the shaft.

A static sealing member is attached to the stator member.
The static sealing member presents a core portion and a pair
of radial lips extending from the core portion with one of the
lips extending from one distal end of the core portion wherein
another distal end terminates into a third lip. The stator mem-
ber presents an annular wall extending to inner walls inclined
conically to a front wall extending parallel to the annular wall
and a central radial rim or flange extending from the front wall
to the rotor member. The front wall receives the radial lips of
the static sealing member extending generally perpendicular
to the front wall and extending generally parallel to the radial
rim wherein the core portion of the static sealing member
extends generally parallel to the second expeller member of
the rotor member connected to the shaft.

An electromagnet is attached to the stator member at the
radial flange. At specific time before, at the moment or after
the shaft starts to rotate the static sealing member is activated
and moved away from the rotor member by the magnetic
force created on the static sealing member by the electromag-
net. The electromagnet is controlled by an existing control
system for controlling any type equipment in which bearing
isolator is used. If the static sealing member needs to be
deactivated at or after the moment the shafts starts to rotate,
the bearing isolator could have its own control system where
a sensor is used to indicate if the shaft is rotating or not. The
sensor could be placed outside or inside the bearing isolator.
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Fluid passages are defined between the rotor member and
the stator member designed with an angle and rotor features
that create a pumping action. These fluid passages stop larger
contaminants to enter and pass the assembly in dynamic and
static operation. Smaller particles or contaminants and fluids
are expelled from the fluid passages the same way as they
entered by the expelling function of the pumping action in
dynamic operations. In static conditions fluid and contami-
nants could enter the fluid passages but are stopped by the
static sealing member.

As soon as the shaft starts to rotate, the contaminants are
expelled out through the gaps. The free end or the third lip of
the static sealing member, as it is in static conditions, contacts
with an angled surface of the second expeller member of the
rotor member but a gap is created in dynamic conditions, as
the shaft starts to rotate thereby disengaging the third lip from
the second expeller member as the static sealing member
moved away from the second expeller member to the flat wall
of the stator member thereby disengaging the third lip from
the angled surface of the second expeller member of the rotor
member.

An advantage of the present invention is to provide the
improved shaft sealing assembly for static and dynamic seal-
ing of the shaft system thereby replacing prior art bearing
isolators having static sealing members like O-rings that are
activated only by centrifugal force during acceleration and
placed in the rotor.

Another advantage of the present invention is to provide an
improved static sealing member placed in the stator member
of the bearing isolator, wherein the static sealing member is
made of magnetic rubber compound adaptable to become
deactivated and activated by an electromagnet placed in the
stator member and controlled by an external control system.

Still another advantage of the present invention is to pro-
vide an improved static sealing member wherein any undes-
ired periods of contact between the stator member and the
static sealing member can be regulated therefore extending
the bearing isolator life.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated as the same becomes better understood by refer-
ence to the following detailed description when considered in
connection with the accompanying drawings wherein:

FIG. 1 illustrates a perspective and partially in section view
of a shaft sealing assembly (the assembly) for static and
dynamic sealing of a shaft of the present invention;

FIG. 2 illustrates an enlarged cross sectional view of the
embodiment of the assembly for static and dynamic sealing of
the shaft of FIG. 1 with a sealing member shown in a static
position;

FIG. 3 illustrates an enlarged cross sectional view of the
assembly for static and dynamic sealing of the shaft of FIG. 1
with a sealing member shown in a dynamic position; and

FIG. 4 illustrates a partially enlarged cross sectional view
of the assembly with a sealing member connected a stator
member wherein the sealing member moves between a first
position, as the sealing member is in the static stage contact-
ing a rotor member, and the dynamic position, as the sealing
member moves away from the rotor member.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1 through 4, wherein like numerals
indicate like or corresponding parts throughout the several
views, a shaft sealing assembly (the assembly) for static and
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4

dynamic sealing of a shaft of the present invention is gener-
ally shown at 10. The words “inner”, “inwardly” and “outer”,
“outwardly” refer to directions toward and away from,
respectively, a designated centerline or a geometric center of
an element being described, the particular meaning being
readily apparent from the context of the description. The
assembly 10 has numerous applications including and not
limited to sealing vehicular engine crankshafts, transmission
shafts, bearing lubrication systems, compressor shaft support
assemblies, and the like, without limiting the scope of the
present invention.

The assembly 10 is used for static and dynamic sealing
applications in various bearings and mechanical sealing solu-
tions. The assembly 10 includes of a stator member, generally
indicated at 12, that is attached to a housing or any other
worksurface (not shown) and a rotor member, generally indi-
cated at 14, attached to a shaft 16 rotatable about an axis A.
The stator member 12 presents an annular wall 20 extending
to upper and lower side walls 22 and 24 and further inclined
outwardly from the annular wall 20 to form inclined walls 28
and 30 and further extending into a front wall 32 extending
generally parallel to the annular wall 20 and radial rim or
flange 34 extending generally perpendicular to the annular
wall 20. The front wall 32 and the radial rim 34 form a corner
section. The radial rim 34 is terminated into inner edge 36
extending parallel to the annular wall 22 and the axis A. The
radial rim 34 is adjacent the rotor member 14. The stator
member 12 may also include a groove (not illustrated) defined
therein to receive an O-ring or seal (not illustrated) disposed
therein to seal the stator member 12 against the housing or the
worksurface. The stator member 12 is formed from metals,
metals alloys, and any other rigid material without limiting
the scope of the present invention. The stator member 12 can
be stamped or injection molded.

The rotor member 14 includes a first expeller rotor 50
presenting a plurality of radial protrusions 52 separated by a
plurality of recesses 54 and inlets (not shown) defined therein
and extending through the first expeller 50. A second expeller
rotor 58 is attached to the shaft 16. The second expeller rotor
58 include a tubular body 60 having upper and lower radial
flanges 62 and 64. The upper and lower radial flanges 62 and
64 include inclined walls 66 and 68 extending parallel the
inclined walls 28 and 30 thereby forming fluid passages 70
and 72.

The upper radial flange 62 further includes first and second
and third inner walls 80, 82, and 84. The first inner wall 80
extends from the inclined wall 66 to the axis A and generally
perpendicular to the axis A and the second inner wall 82
extends from the first inner wall 80 and extends parallel the
shaft and the front wall 32 of the stator member 12. The third
inner wall 84 extends from the second inner wall 82 and is
inclined to connect with the inclined wall 68. The radial
flange 34 is adjacent the first and second inner walls 80 and 82
of the second expeller rotor 58. The rotor member 14 is
formed from metals, metals alloys, and any other rigid mate-
rial without limiting the scope of the present invention. The
rotor member 14 can be stamped or injection molded.

At least one electromagnet device 90 is attached to the
stator member 12 at the radial rim 34. The electromagnet
device 90 is controlled by an existing control system 92 for
controlling any type equipment in which the assembly 10 is
used. A bearing isolator (not shown) could have its own
control system (not illustrated) where a sensor 94 is used to
indicate if the shaft 16 is rotating or not. The sensor 94 could
be placed outside or inside the bearing isolator. FIGS. 2
through 4 show a location of the sensor 94 and are not
intended to limit the scope of the present invention.
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A least one static sealing member, generally indicated at
100, is attached to the front wall 32. The static sealing mem-
ber 100 can be molded to the front wall 32 or engaged by any
mechanical means without limiting the scope of the present
invention. The static sealing member 100 presents a core
portion 102 and a pair of radial lips 104 and 106 extending
radially from the core portion 102 with one of the lips 104
extending from one distal end of the core portion 102 wherein
another distal end 108 terminates into a third lip 110. The
static sealing member 100 is formed from resilient elasto-
meric materials with metal particles or powder mixed therein.
In particular, the elastomeric material is made of magnetic
rubber compound adaptable to become deactivated and acti-
vated by the electromagnet device 90 placed in the stator
member 12 and controlled by the external control system.

Alternatively, the static sealing member 100 is formed
from resilient elastomeric materials without metal particles or
powder mixed therein. Here, the static sealing member 100
moves between the static position and the dynamic position as
the rotor member 14 rotates about the stator member 12
thereby moving the static sealing member 100 under effect of
centrifugal force generated during rotation of the rotor mem-
ber 14. The third lip 108 contacts and frictionally engages
with the third wall 84 of the second expeller rotor 58 of the
rotor member 14 is at stand-still or static position. The cross
section of the core portion 102 is wider than the cross section
of the lips 106 and 104 to allow the lips 104 and 106 to flex
under the pressure from the core portion 102 and centrifugal
force generated by the rotational motion of the rotor member
14 as the shaft 16 starts rotating about the axis.

As best shown in FIG. 4, during rotational motion of the
shaft 16, the electromagnet device 90 is activated thereby
attracting the lip 106 close to the central rim 34. In addition,
centrifugal force generated in response to rotational force of
the rotor member 14, pushes the static sealing member 100
away from the second and third inner walls 82 and 84 of the
second, expeller rotor 58 thereby moving the static sealing
member 100 close to the central rim 34 and the front wall 32
and away from the second and third inner walls 82 and 84 to
reduce space 120 between the core portion 120 and the front
wall 32 thereby allowing smaller particles, contaminants, and
fluids, as shown at 124, to expelled from one of the fluid
passages 70 and 72 the same way they entered by the expel-
ling function of the pumping action in dynamic operations.

In static conditions fluid and contaminants 124 could enter
the fluid passages 70 and 72 but are stopped by the static
sealing member 100. As soon as the shaft 16 starts to rotate,
the contaminants 124 are expelled out through at least one of
the fluid passages 70 and 72. Orientation of the central rim 34
as shown in FIGS. 1 through 4, is not intended to limit the
scope of the present invention. The stator member 12 and the
rotor member 14 may be positioned in a different orientation
wherein the central rim 34 on the bottom side of the assembly
10.

While the invention has been described with reference to
an exemplary embodiment, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.
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We claim:

1. A seal assembly functionally interposed between a hous-
ing and a shaft rotatable about an axis and extending through
the housing for providing a seal between the shaft and the
housing, said seal assembly comprising:

a stator member attached to the housing;

arotor member attached to the shaft and rotatable about the

axis with the shaft and relative said stator member defin-
ing fluid passages therebetween; and

at least one sealing member connected to said stator mem-

ber and movable between a static position with said at
least one sealing member frictionally engaging said
rotor member to define an enclosed pocket portion flu-
idly communicated with said fluid passages and defined
between said rotor member and said stator member and
a dynamic position as said at least one sealing member
moves away from said rotor member and to said stator
member in response to centrifugal force generated from
said rotor member rotatable about the axis thereby forc-
ing said at least one sealing member away from said
rotor member to allow contaminants to leave said seal
assembly through said fluid passages.

2. A seal assembly as set forth in claim 1, wherein said at
least one sealing member presents a core portion and a pair of
radial lips extending radially from said core portion with one
of'said lips extending from one distal end of said core portion
and another distal end terminating into a third lip.

3. A seal assembly as set forth in claim 2, wherein said at
least one sealing member is formed from resilient elastomeric
materials.

4. A seal assembly as set forth in claim 3, wherein said
stator member presents an annular wall extending to upper
and lower side walls and further inclined outwardly from said
annular wall to form inclined walls and further extending into
a radial flange extending generally perpendicular to said
annular wall and a front wall extending from said radial flange
to one of said inclined walls.

5. A seal assembly as set forth in claim 4, wherein said
radial flange is terminated into inner edge extending parallel
to said annular wall and the an axis (A) of the seal assembly.

6. A seal assembly as set forth in claim 5, including at least
one electromagnet device connected to said radial flange
adaptable to be activated in order to magnetically attract said
at least one sealing member at said dynamic position of said
at least one sealing member as said rotor member starts rotat-
ing about the axis wherein said radial lips extend from a
planar position to a non-planar position extending to said
radial rim and decreasing distance between said core portion
of'said at least one sealing member and said front wall of said
stator member to allow the contaminants to leave said seal
assembly through said fluid passages.

7. A seal assembly as set forth in claim 6, wherein said rotor
member includes a first expeller rotor presenting a plurality of
radial protrusions separated by a plurality of recesses.

8. A seal assembly as set forth in claim 7, including a
second expeller rotor attached to the shaft and presenting a
tubular body having upper and lower radial flanges including
inclined walls extending parallel said inclined walls of said
stator member thereby forming said fluid passages.

9. A seal assembly as set forth in claim 8, wherein said
upper radial flange further includes first and second and third
inner walls with said first inner wall extending from said
inclined wall to the axis and generally perpendicular to the
axis and said second inner wall extending from said first inner
wall and parallel to the shaft and said front wall of said stator
member.

10. A seal assembly functionally interposed between a
housing and a shaft rotatable about an axis and extending
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through the housing for providing a seal between the shaft and
the housing, said seal assembly comprising:

a stator member attached to the housing;

arotor member including at least one electromagnet device

and attached to the shaft and rotatable about the axis with
the shaft and relative said stator member, defining fluid
passages therebetween; and

at least one sealing member presenting a core portion and

a pair of radial lips extending radially from said core
portion with one of said lips extending from one distal
end of said core portion and another distal end terminat-
ing into a third lip connected to said stator member and
movable between a static position with said at least one
sealing member frictionally engaging said rotor member
to define an enclosed pocket portion fluidly communi-
cated with said fluid passages and a dynamic position as
at least one sealing member moves away from said rotor
member and toward said stator member in response to
centrifugal force generated from said rotor member
rotatable about the axis and magnetic force of said at
least one electromagnet device thereby forcing said at
least one sealing member away from said rotor member
to allow contaminants to leave said seal assembly
through said fluid passages.

11. A seal assembly as set forth in claim 10, wherein said
sealing member is formed from resilient elastomeric materi-
als.

12. A seal assembly as set forth in claim 11, wherein said
stator member presents an annular wall extending to upper
and lower side walls and further inclined outwardly from said
annular wall to form inclined walls and further extending into
a radial flange extending generally perpendicular to said
annular wall and a front wall extending from said radial flange
to one of said inclined walls.

13. A seal assembly as set forth in claim 12, wherein said
radial flange is terminated into inner edge extending parallel
to said annular wall and an axis (A) of the seal assembly.

14. A seal assembly as set forth in claim 13, wherein said
least one electromagnet device connected to said radial flange
adaptable to be activated in order to magnetically attract said
sealing member at said dynamic position of said sealing
member as said rotor member starts rotating about the axis
wherein said radial lips extend from a planar position to a
non-planar position extending to said radial rim and decreas-
ing distance between said core portion of said sealing mem-
ber and said front wall of said stator member to allow the
contaminants to leave said seal assembly through said fluid
passages.

15. A seal assembly as set forth in claim 14, wherein said
rotor member includes a first expeller rotor presenting a plu-
rality of radial protrusions separated by a plurality of
recesses.

16. A seal assembly as set forth in claim 15, including a
second expeller rotor attached to the shaft and presenting a
tubular body having upper and lower radial flanges including
inclined walls extending parallel said inclined walls of said
stator member thereby forming said fluid passages.

17. A seal assembly as set forth in claim 16, wherein said
upper radial flange further includes first and second and third
inner walls with said first inner wall extending from said
inclined wall to the axis and generally perpendicular to the
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axis and said second inner wall extending from said first inner
wall and parallel to the shaft and said front wall of said stator
member.

18. A method of forming a pressure resistant static and
dynamic seal interposed between a housing and a shaft rotat-
able about an axis and extending through the housing, said
method comprising the steps of:

connecting a stator member attached to the housing with a

rotor member attached to the shaft to define fluid pas-
sages therebetween;

connecting a sealing member to the stator member; and

rotating the rotor member about the axis relative the stator

member to move the sealing member between a static
position as the sealing member frictionally engages the
rotor member to define an enclosed pocket portion flu-
idly communicated with the fluid passages and a
dynamic position as the sealing member moves away
from the rotor member and to the stator member in
response to centrifugal force generated from the rotor
member rotatable about the axis to force the sealing
member away from the rotor member to allow contami-
nants to leave the seal assembly through the fluid pas-
sages.

19. A method as set forth in claim 18, including the step of
forming the sealing member to present a core portion and a
pair of radial lips extending radially from the core portion
with one of the radial lips extending from one distal end of the
core portion and another distal end terminating into a third lip.

20. A method as set forth in claim 19, including the step of
forming the sealing member from resilient elastomeric mate-
rials.

21. A method as set forth in claim 20, including the step of
forming the stator member to define an annular wall extend-
ing to upper and lower side walls and further inclined out-
wardly from the annular wall to form inclined walls and
further extending into a radial flange extending generally
perpendicular to the annular wall and a front wall extending
from the radial flange to one of the inclined walls.

22. A method as set forth in claim 21, including the step of
connecting least one electromagnet device to the radial flange
to magnetically attract the sealing member at the dynamic
position of the sealing member as the rotor member starts
rotating about the axis wherein the radial lips extend from a
planar position to a non-planar position extending to the
radial rim and decreasing distance between the core portion
of'the sealing member and the front wall of the stator member
to allow the contaminants to leave the seal assembly through
the fluid passages.

23. A method as set forth in claim 22, including the step of
forming the rotor member from a first expeller rotor present-
ing a plurality of radial protrusions separated by a plurality of
recesses defined therein and extending through the first expel-
ler.

24. A method as set forth in claim 23, wherein the step of
forming the rotor member further includes the step of forming
a second expeller rotor to be attached to the shaft wherein the
second expeller rotor is formed to include a tubular body
having upper and lower radial flanges including inclined
walls extending parallel the inclined walls of the stator mem-
ber thereby forming the fluid passages.
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